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Abstract
We construct ZM ,M = 2; 3; 4; 6 orbifold models of the N = 2 superconformal
eld theories with central charge c = 3. Then we check the description of the Z3, Z4
and Z6 orbifolds by the N = 2 superconformal Landau-Ginzburg models with c = 3,
by comparing the spectrum of chiral elds, the Witten index Tr(−1)F and the chiral
ring with the chiral operator algebra.
1 Introduction
The complete understanding of the moduli space of N = 2 superconformal eld theories
with central charge c = 3 needs a description of all its orbifold theories. In a non-linear
-model description, this concerns two dimensional tori and their orbifolds. For Z3, Z4 and
Z6 orbifolds, C. Vafa and N. Warner [1] made predictions for (chiral, chiral) and (antichiral,
antichiral) elds based on Landau-Ginzburg descriptions. Apparently, they never had been
checked explicitely. The moduli spaces of those orbifold theories were obtained in [2].
Here we calculate the ZM orbifold partition functions and verify the predictions of C. Vafa
and N. Warner.
For c = 6 similar calculations have been formulated by T. Eguchi et al [3]. There, charges
behave in a simpler way than for c = 3. When fermions are omitted, one obtains c = 2
bosonic theories. In this case the partition function for the Z2 orbifold was given in [4].
The N = 2 superconformal eld theories with c = 3 [5] are described by a free chiral scalar
supereld containing two real bosons or a single complex left (right) boson '(z) = '1(z)
i'2(z) ( '(z) = '1(z) i '2(z)) (each of c = 1) and two Majorana-Weyl (MW) fermions or
a free complex left(right) fermion  (z) =  1(z) i 2(z) (  (z) =  1(z) i  2(z)) (each
of c = 1
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where Gij is the constant symmetric metric, Bij is the antisymmetric tensor eld (i; j =
1; 2). This action has N = 2 superconformal symmetry. Directly from the action, we can
determine the generators of the N = 2 superconformal algebra, the stress-energy tensor
T (z), its super partners Qi(z), and the U(1) current J(z) with conformal dimensions h
equal to 2, 3=2, and 1, respectively.
The energy momentum tensor has the form
T (z) = −1
2
: @'−(z)@'+(z) : −1
4
:  −@ +(z) : −1
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:  +(z)@ −(z) : : (2)
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the supercharge is
Q(z) =  (z)@'(z): (3)




 −(z) +(z) =
i
2
"ij i(z) j(z): (4)
and similarly for the right moving generators. A eld satisfying h =  q
2
is a chiral or
antichiral primary eld. Note that the elds  (z),  (z) all satisfy this condition since
they have charge 1 and conformal dimension 1
2
. The left primary chiral elds are 1,
 +(z); the right chiral primary elds are 1,  +(z). The left and right antichiral primary
elds are obtained from these by complex conjugation. Hence the (chiral; chiral) = (c; c)
ring is
R(c;c) = f1;  +(z);  +(z);  +(z)  +(z)g: (5)
Similarly, the (antichiral,chiral) = (a,c) ring is
R(a;c) = f1;  −(z);  +(z);  −(z)  +(z)g: (6)
And the two other rings R(a;a) and R(c;a) are obtained from R(c;c) and R(a;c) by complex
conjugation. The Poincare polynomial is
P (t; t) = TrRtJ0
J0 = 1 + t+ t+ tt: (7)
and satises a duality relation P (t; t) = (tt)1=3P (1=t; 1=t). The Witten index is Tr(−1)F =P
R ei(q−q) = 0. Note that the conformal dimension of the unique highest left{right chiral




). One can see that the Poincare polynomial and
the chiral ring for the (c; c) and (a; c) primary elds of the N = 2 superconformal eld
theories with central charge c = 3 are isomorphic. However, this is not true in general.
The conformal dimensions and U(1) charges of the ground states of Ramond sector are
(h; h) = (1=8; 1=8) and (q; q) = (1=2;1=2). Under the spectral flow h! h+ q + 2c=6
and q ! q + c=3 with flow parameter  = 1
2
, they flow to the chiral primary elds with
conformal dimension (h; h) = (1=2; 1=2) and charge (q; q) = (1=2;1=2), (0; 0)
The partition function for the N = 2 superconformal theories with c = 3 is constructed by
tensoring the theory of a complex free boson dened on a 2-dimentional torus T 2 = S1S1
in the presence of constant background elds, with the theory of a single complex Dirac
fermion, namely,
Zc=3 = ZTorus  ZDirac : (8)


















(1− qn) ; q = e2i :
The zero -modes p and p are given by
p(p) = nie





where ei and e











In the two dimensional case it is convenient to group the four real parameteres in terms of
two complex parameters as follows







 = 1 + i2 = B12 + i
p
G : (11)
Here  represents the complex structure of the torus T 2, and  is the complexied Ka¨hler
structure; both take values on the complex upper half plane. We can write (10) in terms








j(n1 − n2)− (m2 + m1)j2 :
(12)
The partition function for the Dirac fermion can be constructed by taking equal spin























2 General Prescription for ZM Orbifold Construction
In this section we will give the general procedure for the construction of the ZM orbifolds,
where M = 2; 3; 4 and 6. The ZM rotations are symmetries which conserve both the action
(1) and N = 2 world sheet supersymmetry generators (3). The two dimensional N = 2
superconformal orbifold models T 2=ZM may be constructed by identifying points of the
two-dimensional torus T 2 under the symmetry group ZM of the theory.
Let ~H be the Hilbert space of an orbifold theory. It has two sectors, namely the untwisted
and twisted sector, that is, ~H = ~Hu  ~Ht. Let us consider rst the untwisted sector of
the theory. The untwisted Hilbert space will be a subspace of the Hilbert space for the
N = 2 theories with c = 3. In the path integral for the partition function this means that
the bosonic elds obey periodic boundary conditions along the space direction of the torus
and twisted periodic boundary conditions in time. So on an orbifold, the untwisted sector
boundary conditions on the bosonic eld are given as follows
'+(1) = '+(0) + 2 ;
'+() = g'+(0) + 2 ; (14)
where g 2 ZM . For Ramond or Neveu-Schwarz fermion one has
 +(1) =  +(0) ;
 +() = g +(0) : (15)
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Under the above boundary conditions, the bosonic elds expand as













n 2 Z (R)




The untwisted(original) Hilbert space decomposes into ZM invariant and noninvariant
space of states. In oder to construct consistent models, we must project out the group
noninvariant space of states. In the Hamiltonian formalism, group invariant states are
obtained by insertion of the projection operator P = 1jZM j
P
g2ZM
g into the trace over states.
Here jZM j is the number of elements in ZM and the sum P g runs over all elements in ZM .
The general untwisted sector partition function is
Zu = tr ~HuPq
L0− 18 q
L0− 18 : (18)
In the path integral formalism, this projection on the group invariant states in the untwisted









where we sum over all possible twistings in the time direction of the torus. g
1
represents
boundary conditions on any generic elds in the theory twisted by g in the time direction
of the torus. The partition function of the original model is simply given by Z = 1
1
.
The untwisted sector partition function is not modular invariant; one should take into
account the contributions of twisted sector Hilbert space of states. For each element
g 2 ZM one can construct a twisted Hilbert space ~Hh. In the path integral description the
bosonic eld obey the following twisted boundary conditions
'+(1) = h'+(0) + 2 ;
'+() = g'+(0) + 2 ; (20)
For Ramond or Neveu-Schwarz fermions one has
 +(1) = h +(0) ;
 +() = g +(0) ; (21)
where h and g are twists on the elds in the space and time direction of the torus. The
mode expansion of the bosonic eld which satises the boundary conditions (20) is







One can not have nonzero momentum or winding number here, since they are not consistent
with the twisted boundary conditions. The mode expansion of the fermionic eld which





−n ; k = 1; :::M − 1 : (23)
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In this mode expansion q+f denote the xed points of the T
2 under the ZM symmetry. The
index f labels these xed points and the integer t is equal to zero in the Neveu-Schwarz










L0− 18 ; (24)
where g
h
represents boundary conditions on the elds twisted by g and h in the time and
space direction of the torus. The total modular invariant orbifold partition function is a
sum of untwisted and twisted sector partition function
















L0− 18 + tr ~HtPq
L0− 18 q
L0− 18 ; (25)
There is no discrete torsion for ZM orbifolds, since all boxes g
h
are related by modular
tranformations to a box of type g
1
.
In summary, in order to construct an orbifold model, one rst formulates the Hilbert space
of states on the torus, then one projects onto the group invariant states, nally one includes
twisted sector contributions. For more details see ref.[7] [8] [9].
3 The Z2 Orbifold
The symmetry group G = Z2 exists at all values of  and  of (11). We may now produce
another family of theories, i.e. the G = Z2 orbifold superconformal eld theories with the
same set of moduli as the N = 2 theories with c = 3 by following the general orbifold
prescription introduced in section two. We note that the action (1) is invariant under









−n. The action of g on the bosonic Hilbert space sectors
jm1; m2; n1; n2i is given by jm1; m2; n1; n2i ! j − m1;−m2;−n1;−n2i. The general Z2
orbifold superconformal partition function is


























(1 + g)qL0 q
L0yJ0 y
J0 :(26)
Here the tru and trt denote the trace in the untwisted and twisted Hilbert space sec-
tors, where bosonic, fermionic elds obey the periodic and antiperiodic boundary conditions
which can be read o from eq. (14), (15), and (20), (21). The mode expansions correspond-
ing to these boundary conditions can also be read o from eq.(16), (17), and (22), (23). In
the following, we only discuss the bosonic part since the sum over the spin structures for
the Dirac fermion is invariant under   ! − . Under the Z2 symmetry the untwisted
bosonic Hilbert spaces ~Hu decomposes into g = 1 eigenspaces ~Hu = ~H+u  ~H−u as
~H+u = f+−k1   +−kl +−kl+1    +−k2j (1 + g)jm1; m2; n1; n2ig
5
+ f+−k1   +−kl +−kl+1    +−k2j+1(1− g)jm1; m2; n1; n2ig;
~H−u = f+−k1    +−kl +−kl+1    +−k2j+1(1 + g)jm1; m2; n1; n2ig
+f+−k1   +−kl +−kl+1    +−k2j (1− g)jm1; m2; n1; n2ig ;
(27)
where ki takes positive integer values. The rst term in the trace of the untwisted sector is
equal to the partition function in (8) since there is no twist along the two cycles of the torus.
The second term in the trace with g inserted receives only contribution from the sector
m1 = m2 = n1 = n2 = 0 because each state obtained by acting on (1 + g)jm1; m2; n1; n2i
with creation operators has a counter part with the same L0 eigenvalue obtained by acting
on (1− g)jm1; m2; n1; n2i with the same creation operators; however, these two states have
opposite eigenvalues under g 2 Z2, and their contributions cancel in the trace. Thus, only
the states obtained by acting creation operators +−k or 
+
−k on the vacuum j0; 0; 0; 0i will






































Under the symmetry action g : '+ ! −'+ the torus has four xed points. This implies
that there are four twisted ground states with conformal dimension h = h = 1=8. So one
may build four distinct Hilbert space sectors. However, these sectors lead to isomorphic
physics, as they are related by translation symmetries of the torus. Denote the four twisted




if , where f = 1; 2; 3; 4;. As in the case of the untwisted bosonic
Hilbert space sector, the twisted bosonic Hilbert space decomposes into g = 1 eigenspaces
~Ht = ~H
+
t  ~H−t as
~H+t = 
+
















where ki takes half positive integer values. One may obtain the twisted sector partition






























































where we have used #2#3#4 = 2
3. The modular invariance of (31) can easily be checked by
using the theta function modular transformation properties. The Ramond ground states,
(chiral, chiral), (antichiral, chiral), their complex conjugates, and the Poincare polynomials
for the Z2 orbifold superconformal eld theories are the same as the N = 2 theories with
c = 3.
4 The Z3 Orbifold Theory
We now consider a 2-dim SU(3) torus T 2SU(3) which is the quotient of R
2 by a scaled SU(3)
root lattice SU(3). It has Z3 symmetry. By modding out Z3 one can build Z3 orbifold
model T 2SU(3)=Z3 of (1). This requires to x one of either  or  to the value e
2i=3, and
to mod out the Z3 symmetry. We will x  and consider dependence on . Under the Z3
symmetry bosonic elds and its modes n transform as
(gk')(z) = e
2ik
3 '(z) ; gkn g
−k = e
2ik
3 n ; (k = 1; 2) ; (32)
and the bosonic ground state sectors transform as
gjm1; m2; n1; n2i = jm2;−m1 −m2; n2 − n1;−n1i : (33)
Since we want to discuss superconformal orbifold theories, we should include the worldsheet
fermion  ’s as well. They transform as
(gk )(z) = e
2ik
3  (z) ; gkdn g
−k = e
2ik
3 dn ; (k = 1; 2) : (34)
In fact this is also required by the N = 2 superconformal invariance. As usual, but
we should project out states which are not invarriant under the Z3 operation with the
projection operator P = (1 + g + g2)=3. Now it may not be so dicult to write the




















































Z3 does not act freely on T
2
SU(3). Thus one must consider new sectors, the twisted ones.
In the T 2SU(3)=Z3 manifold, there are three xed points, and one can obtain three Hilbert
space sectors corresponding to the expansion of the eld about each of these xed points.
However these three sectors give the same physics. The conformal weight of the bosonic













). States in the twisted
sector are generated by the action of creation operators on the twisted ground state. The
twisted sector partition function of the Z3 orbifold can be obtained either by modular



































































































































One can easily check the modular invariance of this partition function. We nd eight
Ramond ground states with conformal dimension (h; h) = (1=8; 1=8) and with charges
(1=2;1=2), 3 (1=6;1=6), eight NS chiral primary states with conformal dimensions
(0; 0), (1=2; 1=2), 3  (1=6; 1=6), 3  (1=3; 1=3) and corresponding charges (0; 0), (1; 1),
3 (1=3; 1=3), 3 (2=3; 2=3), as well as eight NS antichiral primary states having the same
conformal dimensions but the opposite charges as the NS chiral elds. Under the spectral
flow by  = 1=2, the ground states of the Ramond sector flow to the (chiral, chiral) primary
states of the NS sector, namely,
Ramond ground states  ! NS chiral states
q1=8q1=8y−1=2y−1=2  ! 1
q1=8q1=8y1=2y1=2  ! q1=2q1=2yy
3 q1=8q1=8y−1=6y−1=6  ! 3 q1=6q1=6y1=3y1=3
3 q1=8q1=8y1=6y1=6  ! 3 q1=3q1=3y2=3y2=3 .
If we revers the direction of the spectral flow, we get an isomorphism between the (antichi-
ral, antichiral) primary states and the ground states of the Ramond sector. The Witten
index amounts to Tr(−1)F = 8. The Poincare polynomial for the (c,c) ring is
P (t; t)c;c = TrRtJ0t









Now we consider the spectral flow from the NS sector to the NS sector with flow parameter
 = 1. Under this flow (antichiral, antichiral) primary states flow to (chiral, chiral) primary
states, namely,
(antichiral, antichiral)  ! (chiral, chiral) states
q1=2q1=2y−1=2y−1=2  ! 1
3 q1=6q1=6y−1=3y−1=3  ! 3 q1=3q1=3y2=3y2=3
3 q1=3q1=3y−2=3y−2=3  ! 3 q1=6q1=6y1=3y1=3 .
The Poincare polynomial for the (a,a) ring is
P (t; t)a;a = TrRtJ0t









In the spectrum, there are no nontrivial (antichiral, chiral) or its conjugate (chiral, antichi-
ral) states.
8
5 Z4 Orbifold Model
In this section, we formulate a Z4 orbifold model by dividing the SU(2)
2 torus T 2SU(2)2 by
Z4 symmetry. Under the Z4 rotations the bosonic and fermionic elds transform as follows
(gk')(z) = e
2ik
4 '(z) ; (gk )(z) = e
2ik
4  (z) ; (k = 1; 2; 3) ; (40)










4 dn ; (k = 1; 2; 3) ; (41)
and the bosonic ground state sectors transorm as
gjm1; m2; n1; n2i = jm2;−m1; n2;−n1i : (42)
Under the rotation group Z4 the T
2
SU(2) has three xed points. An analysis similar to the
Z3 orbifold shows there are twisted sectors associated with those xed points; namely one
xed point corresponds to the Z2 twist and two for the Z4 twist. The weight of the bosonic









), respectively. Thus the total





). The total Z4 orbifold partition function
can be obtained by summing over untwisted, Z2, and Z4 twisted sectors partition functions
ZZ4−orb = Zu + Z2t + Z4t ; (43)
















































































































In fact the complete twisted sector partition function of the Z4 orbifold can be obtained
from the untwisted sector partition function by modular transformation. By inserting
(44− 46) into (43) one can write the modular invariant N = 2 superconformal Z4 orbifold












































































One notes that in the spectrum there are nine Ramond ground states which flow to the
NS chiral states under the spectral flow operation with flow parameter  = 1=2, that is,
9
Ramond ground states  ! NS chiral states
q1=8q1=8y−1=2y−1=2  ! 1
q1=8q1=8y1=2y1=2  ! q1=2q1=2
2 q1=8q1=8y−1=4y−1=4  ! 2 q1=8q1=8y1=4y1=4
2 q1=8q1=8y1=4y1=4  ! 2 q3=8q3=8y3=4y3=4
3 q1=8q1=8  ! 3 q1=4q1=4y1=2y1=2 .
As in the Z3 orbifold case one can get the isomorphism between the (a, a) chiral primary
states and the ground states of the Ramond sector by reversing the direction of the spectrral
flow. In this case, the Witten index is Tr(−1)F = 9. The Poincare polynomials for (c, c)
and (a, a) rings are



























With the spectral flow parameter  = 1, the NS sector comes back to the NS sector. One
notes that the Z4 orbifold model contains only (c, c) and their conjugate (a,a) states. For
this model, the (a,c) and (c,a) states are trivial and consist only of the vacumm state.
6 Z6 Orbifold Models
We now construct a Z6 orbifold model by dividing the SU(3) torus T
2
SU(3) by Z6 symmetry.
The bosonic and fermionic elds transform as follows under the Z6 symmetry:
(gk')(z) = e
2ik
6 '(z) ; (gk )(z) = e
2ik
6  (z) ; (k = 1;    ; 5) ; (49)










6 dn ; (k = 1;    ; 5) ; (50)
and the bosonic ground state sectors transform as
gjm1; m2; n1; n2i = jm1 +m2;−m1; n2;−n1 + n2i : (51)
T 2SU(3) has three xed points under the Z6 rotation symmetry. There is a twisted sector
associated with each of them. These are Z2, Z3 and Z6 twisted sectors. One nds that










), respectively. Thus the total conformal weight of the Z6 twisted ground state




). The Z6 orbifold partition function is the sum of partition functions of the
untwisted, Z2, Z3, and Z6 twisted sectors
ZZ6−orb = Zt + Z2t + Z3t + Z6t ; (52)





































































































this result is exactly the same as in eq.(36) except that the factor three is absent here. The









































































































































































In this model there are ten Ramond ground states. Again we connect the ground states of
the Ramond sector with the NS chiral primary states using the flow parameter  = 1=2.
Ramond ground states  ! NS chiral states
q1=8q1=8y−1=2y−1=2  ! 1
q1=8q1=8y1=2y1=2  ! q1=2q1=2yy
2 q1=8q1=8  ! 2 q1=4q1=4y1=2y1=2
q1=8q1=8y1=3y1=3  ! q5=12q5=12y5=6y5=6
q1=8q1=8y−1=3y−1=3  ! q1=12q1=12y1=6y1=6
2 q1=8q1=8y1=6y1=6  ! 2 q1=3q1=3y2=3y2=3
2 q1=8q1=8y−1=6y−1=6  ! 2 q1=6q1=6y1=3y1=3 .
We get Tr(−1)F = 10, and the Poincare polynomials for the (c, c) and (a,a) states are
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We found no (a, c) and (c,a) states in this model.
7 N = 2 Landau-Ginzburg Model
In this section, we rst review the N = 2 superconformal Landau-Ginzburg model and
then we check the conformal dimension of chiral elds, the Witten index Tr(−1)F , and
the chiral ring of the quasi-homogeneous superpotentials with isolated singularities for




d2zd4K(i; i) + (
Z
d2zd2W (i) + h:c) : (58)
i = i(z; z; 
; ) (i = 1; 2; :::n) are the N = 2 n chiral scalar superelds which satisfy
the following condition
Di = D i = 0 :
with the superderivative dened as D = @@± + 
 @
@z
. The rst term (K) is called Ka¨hler
potential. It includes derivatives of the superelds. The conformal dimension of those
elds is greater than (1; 1). Such elds are called irrelevant. The second term (W) is
called superpotential which is a holomorphic function of the superelds. It contains only
relevant elds, i.e. elds with conformal dimension equal to (1; 1) or less than (1; 1). The
superpotential W (i) is a quasi-homogeneous function with isolated singularities at i = 0.
In other words the superpotential is called quasi-homogeneous if it satises
W (wii) = 
dW (i) ; for i ! wii: (59)
It has isolated singularity at i = 0 if it satises
W (i)j0 = 0 ; @iW (j)j0 = 0:
For every isolated quasi-homegeneous superpotential, there exists an N = 2 superconformal
eld theory. One can read o the U(1) charge of the lowest component of the chiral
superelds i from the action (58). The  -integrals in the rst term have (left; right)
charges (−1;−1). Because of neutrality of the action it follows that W (i) has charge
(1; 1). As the result, the chiral supereld i must have charge qi =
wi
d
for both its left
and right moving components. Now one notes that for any state in the Landau-Ginzburg
theory qL− qR is always an integer. This is true for the chiral supereld i, as it has equal
left-right charges. Moreover, it is also true for the most general elds because they are
obtained by taking products of i and i, as well as products of their super derivatives.
This implies that one can apply spectral flow to the Landau-Ginzburg models.
The local ringR of the superpotential W (i) of the Landau-Ginzburg model is obtained by
taking into account all monomials of chiral superelds i and setting @iW (j)j0 = 0. The
number of elements of the ring is denoted by  = dimR. It is called multiplicity of W (i).
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It is also equal to the Witten index Tr(−1)F. The modality m of a quasi-homogeneous
superpotentials with isolated singularities is given by the number of chiral primary states
with charge greater than or equal to one. The Poincare Polynomial of Landau-Ginzburg
theories is




1− twi : (60)
This polynomial is only function of tt. (Because Landau-Ginzburg primary chiral elds
have equal left-right charges.) For convenience, tt is replaced by the variable td, where d
is dened in (59). The Witten index is














The chiral primary state  of the highest charge corresponds to the leading term in the
Poincare Polynomial at t ! 1, which gives t
P
i
d−2wi . Therefore the charge of the chiral
primary eld  is given by
P





















  : (62)
By using h =
c
6
the central charge of the Landau-Ginzburg theory is given as









The quasi-homogeneous superpotentials with isolated singularities for modality m = 1 of
the Landau-Ginzburg theories with central charge c = 3 that are equivalent to the Z3, Z4







3 + 6a123 ; a




















3 + 27 6= 0 : (66)
For a = 0 superpotential (64) corresponds to the SU(3)=Z3 model of the N = 2 theories
with c = 3. The Landau-Ginzburg elds 1, 2, 3 correspond to the twist elds of the
Z3 orbifold model. The rst term (K) in the Landau-Ginzburg action corresponds to the
states in the untwisted sector of the Z3 orbifold theory. The NS chiral primary elds and
their charges as well as the conformal dimensions are given as
chiral elds 1 1 2 3 12 13 23 123
charges 0 1/3 1/3 1/3 2/3 2/3 2/3 1
dimensions 0 1/6 1/6 1/6 1/3 1/3 1/3 1/2 . (67)
For a = 0 (65) corresponds to the SU(2)2=Z4 model. The NS chiral primary elds and
their charges as well as conformal dimensions are given as













charges 0 1/4 1/4 1/2 1/2 1/2 3/4 3/4 1
dimensions 0 1/8 1/8 1/4 1/4 1/4 3/8 3/8 1/2 . (68)
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For a = 0 quasi-homogeneous superpotential (66) corresponds to the SU(3)=Z6 models.
The NS chiral primary elds and their charges as well as conformal dimensions are given
as













charges 0 1/6 1/3 1/2 2/3 1/3 1/2 2/3 5/6 1
dimensions 0 1/12 1/6 1/4 1/3 1/6 1/4 1/3 5/12 1/2 . (69)
Now one can easily see that the number of primary chiral states (rings), conformal dimen-
sions, U(1) charges as well as the Witten indexes of the quasi-homogeneous superpotentials
(64{66) with isolated singularities for m = 1 are the same as the Z3, Z4 and Z6 orbifolds
of the N = 2 superconformal eld theories with central charge c = 3.
Conclusion: The partition functions for ZM orbifolds have been calculated. The Poicare
polynomials counting (chiral, chiral) elds are given in equations (67{69). The Landau-
Ginzburg predictions of C.Vafa and N.Warner have been conrmed.
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